The solar cells of third generation, which can be classified in hybrids and organics, are the target of uncountable studies and developments along the last few years. These cells present low fabrication cost, flexibility, lightness, and stability. In this work two new Zinc-porphyrin 1a and 1b, bearing triphenylamine donor groups were synthesized and their efficiencies measured in nanocrystalline TiO 2 dye sensitized solar cells employing iodide/tri-iodide and tris(1,10-phenanthroline) cobalt electrolytes. Optimized sensitization time for the TiO 2 photoanode was found to depend on the electrolyte employed: devices based on iodide/tri-iodide showed better efficiencies with shorter sensitization times (1.5 hours) whereas those based on tris(1,10-phenanthroline) cobalt showed better efficiencies with longer sensitization times (6 hours). From UV-Vis absorption spectra it is estimated that there is roughly twice as much dye loaded onto the TiO 2 film sensitized for 6 hours compared to the 1.5 hour film.
INTRODUCTION
Research into Dye Sensitized Solar Cells (DSCs) continues to be an extremely active area. [1] [2] [3] [4] After considerable time in which DSCs based on Ru(II) polypyridyl sensitizers were clearly the most efficient, DSCs based on fully organic sensitizers have recently made huge strides forward in development. 5, 6 In particular, there are many recent examples of DSC devices employing iodide/triiodide (I -/I 3 -) with >10% device efficiency based on D-π-A porphyrins designed by Diau and coworkers. [7] [8] [9] Indeed, with recently developed novel cobalt based complexes 10-13 porphyrins have shown their promise with the current highest efficiency recorded for a DSC device of 12.05% being based on a cell containing a porphyrin sensitizer and a tris(bipyridyl) cobalt electrolyte. 12 Regardless of the red/ox couple, porphyrins offer several distinct advantages over Ru(II)polypyridyl sensitizers due to their high molar extinction coefficients, sharp absorption bands and high photostability.
15,17
The The thermal stabilities of compounds 1a and 1b were evaluated by thermogravimetric analysis (TGA) under nitrogen, with a heating rate of 10 ºC/min. The decomposition temperatures (Td) were estimated from the TGA plot as the temperature of the intercept of the leading edge of the weight loss curve. Under these conditions, compounds 1a and 1b display excellent thermal stability up to 220 o C which are in principle satisfactory for application in photovoltaic devices.
Absorption, emission, electrochemistry and computational calculations
The absorption spectra of dyes 1a,b in dichloromethane (CH 2 Cl 2 ) solution are shown in Fig. 1 . Both dyes exhibit the typical features of zinc porphyrins, with an intense Soret band between 400-500 nm and less intense Q bands in the range 550 to 700 nm (see Table 1 ). As expected, the absorption In order to gain insight into the geometries and electronic properties of dyes 1a and 1b, computational studies were performed using density functional theory (DFT) at the B3LYP/6-31G level. Regarding geometry, for both dyes the dihedral angles between the phenyl ring and the porphyrin macrocycle () are similar (  -65º) and are in agreement with those calculated for similar systems (Fig. 2) . 21 The HOMOs were found to be delocalized through both the porphyrin macrocycle and TPA for both 1a and 1b, whereas the LUMOs are extended along the porphyrin system, the linker and the acid group, indicating electronic coupling with the TiO 2 nanocrystals. The HOMO-LUMO gap is similar for both dyes although the LUMO level of dye 1b is higher (-2.45 eV)
than that of 1a (-2.61 eV) due to the electronic coupling of the alkoxy groups of the TPA moieties.
HOMO and LUMO (Fig. 3) are overlapped, favouring the HOMO to LUMO electronic transitions. Device properties Fig. 4 and Table 2 show the IV curves and device characteristics, namely J sc , V oc , fill factor (FF) and overall efficiency (), for sensitizers 1a and 1b in DSC devices based on I -/I 3 -and Co(II)(phen) 3 /Co(III)(phen) 3 electrolytes. Employing I -/I 3 -electrolyte, the best device efficiencies (Fig. 4(a) ) were obtained after 1. Upon the longer sensitization time of 6 hours the device efficiency drops to 3.93% and 3.60% for 1a
and 1b respectively (without mask). The principle reason for this is a loss in J sc . When cobalt electrolyte is used, however, the dependence of device efficiency on sensitization time is reversed (Fig. 4(c) ). The best efficiencies are recorded for 6 hours sensitization (3.11% and 2.45% for 1a and 1b respectively). Again, the main difference appears to be accounted for by a difference in J sc . The increase in device V oc (approx. 140 mV) afforded by employing Co(II)(phen) 3 /Co(III)(phen) 3 with respect to I -/I 3 -is in line with that observed in other studies. 22 Finally, under similar conditions the YD2-o-C8 device gave an efficiency of 11.20% (without mask) indicating testing conditions are indeed comparable with studies demonstrating the best literature values for porphyrin based DSCs. 23 Fig. 4(b) and (d) show the IPCE spectra for all of the devices measured in this study.
These spectra show the contributions to device current from the Soret and Q bands centred at around 450 and 650nm respectively. Integration of these spectra agrees with the J sc values for the same devices in Fig. 4 (a) and (c).
In order to have an indication of dye loading in these devices, the absorption spectra of thin films of transparent TiO 2 films (6 μm) were measured after 1.5 hours and 6 hour sensitization in 0.2 mM solutions of la and lb in chlorobenzene (Fig. 5 ). These data indicate that there is roughly twice as much dye loading on the films for 6 hours compared to the equivalent film of 1.5 hours. 
CONCLUSIONS
Two zinc-porphyrin sensitizers were synthesized and their efficiencies measured in dye sensitized solar cells employing I -/I 3 -and Co(II)(phen) 3 /Co(III)(phen) 3 electrolytes. Optimized sensitization times were found to depend on the electrolyte used with devices based on I -/I 3 -showing better efficiencies with shorter sensitization times (1.5 hours) while those based on Co(II)(phen) 3 /Co(III)(phen) 3 showing better efficiencies with longer sensitization times (6 hours). UVVis absorption spectra indicate that there is roughly twice as much dye loaded onto the TiO 2 film sensitized for 6 hours. This work demonstrates how device preparation must be tailored carefully
